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(67)  The present technology relates to a detection
device, a detection method, and a program capable of
detecting a living body state of a human body easily and
accurately.

A contact lens type display device is provided with
a tear detection unit 26 to collect tears on an eyeball and
to analyze a constituent and detect affective information
of a user. The detection result is sent from the contact
lens type display device 11 to a mobile terminal SP and
displayed on the mobile terminal SP. Consequently, the
living body state can be detected on the basis of the con-
stituent of the tears of the user, whereby the living body
state of the user can be accurately detected. The present
technology can be applied to a contact lens type display
unit.
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Description
TECHNICAL FIELD

[0001] The present technology relates to a detection
device, a detection method, and a program. In particular,
the present technology relates to the detection device,
the detection method, and the program capable of de-
tecting a state of a living body with a high degree of ac-
curacy.

BACKGROUND ART

[0002] Inrecent years, as a technology of detecting a
state of a living body, for example, a technology of de-
tecting information of an environment around a user, de-
termining a behavior characteristic from the detected in-
formation of the environment as a living body state of the
user, and reflecting a process that depends on the de-
termined behavior characteristic in an avatar, has been
proposed (refer to Patent Document 1).

CITATION LIST
PATENT DOCUMENT

[0003] Patent Document 1: Japanese Patent Applica-
tion Laid-Open No. 2013-105319

SUMMARY OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION

[0004] However, the technology of Patent Document
1 only determines the behavior characteristic corre-
sponding to the living body state of the user by acquiring
the environmental information around the user, and re-
flects the process that depends on the determined be-
havior characteristic in the avatar. Therefore, the tech-
nology of Patent Document 1 does not directly obtain
information about a living body of a person to perform
the determination, whereby an appropriate process is not
necessarily able to be performed.

[0005] The presenttechnology has been made in con-
sideration of these circumstances, particularly in order
to enable a living body state of a user to be detected with
a high degree of accuracy using a simplified method.

SOLUTIONS TO PROBLEMS

[0006] A detection device according to an aspect of
the present technology includes: an analysis unit config-
ured to perform a constituent analysis for tears gathered
from a living body; and a detection unit configured to de-
tect a state of the living body on the basis of a result of
the constituent analysis for the tears.

[0007] Itis possibleto cause the detection unitto detect
the state of the living body that is determined in accord-
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ance with a kind of the tears on the basis of the result of
the constituent analysis for the tears.

[0008] An affective state caused by an emotion of the
living body can be included in the state of the living body.
[0009] Itis possible to cause the detection unitto spec-
ify whether the state of the living body undergoes a tran-
sition to a predetermined affective state on the basis of
an analysis result, obtained as the result of the constitu-
ent analysis for the tears, for a substance thatis secreted
when the state of the living body is about to undergo the
transition to the predetermined affective state.

[0010] Itis possibleto cause the detection unitto spec-
ify whether the state of the living body undergoes a tran-
sition to either a first affective state or a second affective
state on the basis of a degree of likelihood of the transition
to the first affective state calculated on the basis of an
analysis result, obtained as the result of the constituent
analysis for the tears, for a substance that is secreted
when the state of the living body is about to undergo the
transition to the first affective state, and a degree of like-
lihood of the transition to the second affective state cal-
culated on the basis of an analysis result, obtained as
the result of the constituent analysis for the tears, for a
substance that is secreted when the state of the living
body is about to undergo the transition to the second
affective state.

[0011] Itis possible to cause the detection unit to fur-
ther calculate an advance prediction emotion level indi-
cating a degree of a state of the living body to which the
state of the living body is estimated to be going to undergo
a transition on the basis of the degree of the likelihood
of the transition to the first affective state and the degree
of the likelihood of the transition to the second affective
state.

[0012] Itis possible to cause the detection unit to pre-
dict a variation in the advance prediction emotion level
at a time after a current time on the basis of the advance
prediction emotion level.

[0013] Itis possible to cause the detection unitto spec-
ify the state of the living body on the basis of an analysis
result, obtained as the result of the constituent analysis
for the tears, for a substance that is secreted a lot when
the state of the living body is a predetermined affective
state.

[0014] Itis possible to cause the detection unitto spec-
ify whether the state of the tears is either a first affective
state or a second affective state on the basis of a degree
of likelihood of the first affective state calculated on the
basis of an analysis result, obtained as the result of the
constituent analysis for the tears, for a substance that is
secreted a lot during the first affective state, and a degree
of likelihood of the second affective state calculated on
the basis of an analysis result, obtained as the result of
the constituent analysis for the tears, for a substance that
is secreted a lot during the second affective state.
[0015] Itis possible to cause the detection unit to fur-
ther calculate an emotion level indicating a degree of the
affective state of the living body on the basis of the degree
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of the likelihood of the first affective state and the degree
of the likelihood of the second affective state.

[0016] Itis possible to cause the detection unit to pre-
dictavariation in the emotion level atatime aftera current
time on the basis of the emotion level.

[0017] A state caused by a stimulus to the living body
can be included in the state of the living body.

[0018] Itis possible to cause the detection unit to spec-
ify whether the state of the living body is the state caused
by the stimulus to the living body or an affective state
caused by an emotion of the living body to which the state
of the living body undergoes a transition when the living
body keeps feeling an aching pain on the basis of an
analysis result, obtained as the result of the constituent
analysis for the tears, for a substance that is secreted
when there is the stimulus to the living body or when the
living body feels the aching pain.

[0019] Itis possible to cause the detection unit to spec-
ify whether the state of the living body is the state caused
by the stimulus to the living body or the affective state
caused by the emotion of the living body on the basis of
alength of a period of time which is based on the analysis
result for the substance that is secreted when there is
the stimulus to the living body or when the living body
feels the aching pain, and during which a value indicating
a secretion amount of the substance is equal to or greater
than a predetermined threshold value.

[0020] Itis possible to cause the detection unit to cal-
culate a stimulus level or an aching pain level for the
living body on the basis of the analysis result for the sub-
stance that is secreted when there is the stimulus to the
living body or when the living body feels the aching pain.
[0021] Itis possible to cause the detection unit to pre-
dict a variation in the stimulus level or the aching pain
level at a time after a current time on the basis of the
stimulus level or the aching pain level.

[0022] Itis possible to cause the detection unit to spec-
ify a secretion level of the tears of the living body on the
basis of an analysis result, obtained as the result of the
constituent analysis for the tears, for a specific sub-
stance.

[0023] The detection device can be attachable and de-
tachable to and from an eyeball.

[0024] A detection method according to an aspect of
the present technology includes the steps of: performing
a constituent analysis for tears gathered from a living
body; and detecting a state of the living body on the basis
of a result of the constituent analysis for the tears.
[0025] A programaccordingto an aspectofthe present
technology causes a computer to execute a process in-
cluding: an analysis step of performing a constituent anal-
ysis for tears gathered from a living body; and a detection
step of detecting a state of the living body on the basis
of a result of the constituent analysis for the tears.
[0026] According to an aspect of the present technol-
ogy, aconstituent analysis for tears gathered from aliving
body is performed, and a state of the living body is de-
tected on the basis of a result of the constituent analysis
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for the tears.

[0027] The detection device according to an aspect of
the present technology may be an independent device,
or may be a block that performs a detection process.

EFFECTS OF THE INVENTION

[0028] According to an aspect of the present technol-
ogy, a state of a living body can be detected easily and
with a high degree of accuracy.

BRIEF DESCRIPTION OF DRAWINGS
[0029]

Fig. 1 is a diagram explaining a use case of a living
body state detection device to which the present
technology is applied.

Fig. 2is adiagram illustrating an example of wearing,
on an eyeball, a contact lens type display device to
which the present technology is applied.

Fig. 3 is a diagram explaining an appearance con-
figuration example of the contact lens type display
device.

Fig. 4 is a block diagram explaining a configuration
that realizes a function of the display device in Fig. 3.
Fig. 5is a diagram explaining a configuration exam-
ple of a tear analysis unit.

Fig. 6 is a diagram explaining a configuration exam-
ple of an analysis chamber.

Fig. 7 is a flowchart explaining a living body state
detection process.

Fig. 8 is a flowchart explaining another living body
state detection process.

Fig. 9 is a diagram explaining a transition of a living
body state.

Fig. 10 is a diagram explaining a relation between a
constituent of tears and a time transition.

Fig. 11 is a diagram explaining a relation between a
cumulated constituent of tears and a time transition.
Fig. 12is a flowchart explaining an emotion advance
prediction computation process.

Fig. 13 is a flowchart explaining an emotion compu-
tation process.

Fig. 14 is a flowchart explaining a stimulus/aching
pain computation process.

Fig. 15 is a flowchart explaining a tear secretion
amount computation process.

Fig. 16 is a flowchart explaining an awakening/dor-
mancy computation process.

Fig. 17 is a flowchart explaining an awakening/dor-
mancy computation process.

Fig. 18 is aflowchart explaining a dry eyes syndrome
determination process.

Fig. 19is a flowchart explaining a cumulated constit-
uent of tears and a prediction of an emotion level.
Fig. 20 is a diagram explaining a cumulated constit-
uent of tears and another prediction of an emotion
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level.

Fig. 21 is a diagram explaining a cumulated constit-
uent of tears and still another prediction of an emo-
tion level.

Fig. 22 is a diagram explaining a prediction of an
emotion level.

Fig. 23 is a diagram explaining a prediction of an
emotion level.

Fig. 24 is a diagram explaining a prediction of an
emotion level.

Fig. 25 is a diagram explaining an appearance con-
figuration of a contact lens type collection device for
tears and an analysis device to which the present
technology is applied.

Fig. 26 is a block diagram explaining a configuration
for realizing a function of the analysis device.

Fig. 27 is a diagram explaining a configuration ex-
ample of a general-purpose personal computer.

MODE FOR CARRYING OUT THE INVENTION
<Technology of Detecting State of Living Body>

[0030] The present technology detects an emotion of
aperson as information of a living body by detecting tears
of the person thatis a subject and analyzing the detected
tears.

[0031] There are roughly two configuration examples
of the present technology. In a first configuration exam-
ple, acontactlens type display device including a function
of collecting tears and analyzing the collected tears spec-
ifies a living body state of a person on the basis of infor-
mation of a constituent of the analyzed tears, sends the
living body state to a mobile terminal such as a smart-
phone, and causes the mobile terminal to display the
living body state.

[0032] In addition, in a second configuration example,
a contact lens type collection device executes only the
collection of tears. After that, an external analysis device
analyzes the collected tears, specifies a living body state
of a person on the basis of information of a constituent
of the analyzed tears, sends the living body state to a
mobile terminal such as a smartphone, and causes the
mobile terminal to display the living body state.

[0033] Specifically, in the above-mentioned first con-
figuration example, as illustrated by Case 1 in Fig. 1, a
person H1 that serves as a subject wears a contact lens
type display device including a function of collecting and
analyzing tears. The display device then specifies a living
body state on the basis of a constituent of the tears, sends
the living body state to a mobile terminal SP such as a
smartphone, and causes the mobile terminal SP to
presentthe living body state. Consequently, asillustrated
by a person H2 in Fig. 1, the person that serves as the
subject can see information of her own living body state
displayed on the mobile terminal SP.

[0034] In addition, in the above-mentioned second
configuration example, as illustrated by Case 2 in Fig. 1,
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the person H1 that serves as a subject wears a contact
lens type collection device for tears including a function
of collecting tears, and once the collection of tears is com-
peted, takes off the collection device from the eye as
illustrated by a person H11. Furthermore, as illustrated
by a person H12, the collection device is stored in an
analysis device AN, and the analysis device AN specifies
a living body state on the basis of a constituent of the
tears, and sends the living body state to the mobile ter-
minal SP such as a smartphone. Consequently, as illus-
trated by a person H13 in Fig. 1, the person that serves
as the subject can see her own living body state displayed
on the mobile terminal SP.

<First Configuration Example>

[0035] First, the above-mentioned first configuration
example of the present technology will be described.
[0036] Fig. 2 is a diagram illustrating an appearance
configuration of a detection device to which the present
technology is applied, namely, the contact lens type dis-
play device including the function of collecting tears and
the function of analyzing the collected tears. The contact
lens type display device corresponds to the above-men-
tioned first configuration example.

[0037] Note that a side cross section of an eyeball E
on which the display device 11 is worn is illustrated in
the left part of Fig. 2, and an appearance configuration
of the eyeball E seen from the front is illustrated in the
right part of Fig. 2. The display device 11 has a shape
conforming to a curved surface of the eyeball E. As a
contact lens is worn and used, so the display device 11
is worn. In addition, on an outer peripheral part of the
display device 11, collection openings G-1 to G-6 for col-
lecting tears are provided in a surface that comes into
contact with the eyeball E at substantially regular inter-
vals.

[0038] Note that although the example of providing the
six collection openings G-1 to G-6 on the outer peripheral
part is illustrated, a different number of collection open-
ings may be provided. Note that when the collection
openings G-1to G-6 do not need to be distinguished from
one another, they are simply referred to as a collection
opening G. Other configurations are also referred to in a
similar manner.

<Electrical Configuration Example of Display Device>

[0039] Next, an electrical configuration example of the
display device 11 will be described with reference to Fig.
3.

[0040] Specifically, the display device 11 has a display
region 21, a power supply antenna 22, a signal antenna
23, a power generation unit 24, a posture detection unit
25, atear detection units 26-1to 26-6, a signal processing
unit 27, and a display element drive unit 28.

[0041] The display region 21 has a display element
and a light receiving element for detection of a line of
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sight. The display element includes a plurality of display
pixels that displays information such as an image and a
letter to be presented to a user. The light receiving ele-
ment for the detection of the line of sight is arranged
adjacent to the display pixel to receive light reflected by
a surface of the eyeball of the user. The display region
21 further has a light emitting element and a light receiv-
ing elementfor detecting opening and closing of an eyelid
of the user.

[0042] The power supply antenna 22 is provided so as
to surround the display region 21, and receives induced
electromotive force caused by a magneticfield or an elec-
tric field and supplied from the outside. The signal anten-
na 23 sends, to the outside, information supplied from
the signal processing unit 27 such as a result of user
interface operation that is performed on the basis of the
line of sight of the user. The signal antenna 23 also re-
ceives information sent from the outside such as infor-
mation to be displayed on the display pixel, and supplies
the information to the signal processing unit 27.

[0043] The power generation unit 24 obtains and ac-
cumulates power by rectifying an induced current gen-
erated in the power supply antenna 22 by the electro-
magnetic induction caused by the magnetic field or the
like from the outside. The power generation unit 24 then
supplies the power to each component of the display de-
vice 11. Note that the power supply antenna 22 may not
be provided on the display device 11 when the power
generation unit 24 itself generates power using a prede-
termined method or has a rechargeable battery.

[0044] The posture detection unit 25 includes an elec-
tronic gyro sensor, an acceleration sensor or the like.
The posture detection unit 25 detects a posture or a mo-
tion of the user wearing the display device 11, and sup-
plies the detection result to the signal processing unit 27.
The posture detection unit 25 detects, for example, a
motion of a head of the user or a posture of the user.
[0045] Each of the tear detection units 26-1 to 26-6
gathers tears secreted by the user, measures the secre-
tion amount of the obtained tears, and performs a con-
stituent analysis for the tears. Note that, hereinafter,
when the tear detection units 26-1 to 26-6 do not partic-
ularly need to be distinguished, they are also simply re-
ferred to as a tear detection unit 26.

[0046] The signal processing unit27 controls the entire
display device 11. The signal processing unit 27 detects
the line of sight of the user by detecting a dissimilarity
(difference) in the light reception amount between the
light receiving elements arranged in the respective re-
gions ofthe display device 11 onthe basis of, forexample,
a signal supplied from the light receiving element for the
detection of the line of sight in the display region 21. The
signal processing unit 27 also detects the opening and
the closing of the eyelid of the user on the basis of, for
example, a signal supplied from the light receiving ele-
ment for the detection of the opening and the closing of
the eyelid in the display region 21.

[0047] The signal processing unit 27 further controls
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the display element drive unit 28 on the basis of, for ex-
ample, the detection result supplied from the posture de-
tection unit 25, the result of the detection of the line of
sight, and the information received by the signal antenna
23. The signal processing unit 27 then causes the display
region 21 to display an image or the like.

[0048] More specifically, forexample, whenthe display
device 11 rotates with respect to the eyeball of the user,
the rotation direction and the rotation amount can be de-
tected in the posture detection unit 25. In response to
this, the signal processing unit 27 controls the display
element drive unit 28 to rotate the image displayed on
the display region 21 by the rotation amount of the display
device 11 in a direction opposite to the rotation direction
of the display device 11, supplied from the posture de-
tection unit 25, with respect to the eyeball. Consequently,
even when the display device 11 rotates on the eyeball
of the user, the rotation of the image that occurs as the
result of the rotation of the display device 11 is corrected,
and the image can be presented to the user with a high
degree of visibility.

[0049] The display element drive unit 28 drives the dis-
play element in the display region 21 under the control
of the signal processing unit 27 to cause the display re-
gion 21 to display the image. The display element drive
unit 28 also causes the light emitting element in the dis-
play region 21 to emit light under the control of the signal
processing unit 27.

<Functional Configuration Example of Display Device>

[0050] Next, a functional configuration example of the
above-described display device 11 will be described.
[0051] The functional configuration of the display de-
vice 11 is, for example, the configuration illustrated in
Fig. 4. Note that, in Fig. 4, a component corresponding
to that in Fig. 2 is denoted by the same reference sign,
and the description thereof is appropriately omitted.
[0052] The display device 11 illustrated in Fig. 4 has
the display region 21, the power supply antenna 22, the
signal antenna 23, the power generation unit 24, the pos-
ture detection unit 25, the tear detection unit 26, the signal
processing unit 27, the display element drive unit 28, a
pressure detection unit 51, a temperature detection unit
52, and a recording unit 53.

[0053] In addition, the light emitting element 62 and
the light receiving element 63 are provided in the display
region 21. Moreover, the tear detection unit 26 includes
an AD conversion unit 61. Furthermore, the signal
processing unit 27 has a living body state detection unit
64.

[0054] The pressure detection unit 51 includes a pres-
sure sensor or the like. The pressure detection unit 51
detects the pressure applied to the display device 11,
and outputs the detection result. The output from the
pressure detection unit 51 is used, for example, for de-
termination of the opening and the closing of the eyelid
or the like.
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[0055] The temperature detection unit 52 includes a
plurality of temperature sensors. The temperature detec-
tion unit 52 measures the temperature of the surface of
the eyeball of the user, the temperature of the eyelid of
the user, or the ambient temperature, and outputs the
measurement result.

[0056] The recording unit 53 includes, for example, a
nonvolatile memory or the like. The recording unit 53
records data supplied from the signal processing unit 27,
and supplies the recorded data to the signal processing
unit 27.

[0057] Moreover, in the display device 11, the output
from the light receiving element 63, the pressure detec-
tion unit 51, the posture detection unit 25, the tear detec-
tion unit 26, and the temperature detection unit 52 is sup-
plied to the signal processing unit 27. Furthermore, in the
display device 11, the recording unit 53, the signal an-
tenna 23, the power supply antenna 22, and the power
generation unit 24 are also connected to the signal
processing unit 27.

[0058] The analog-digital (AD) conversion unit 61 con-
verts various types of data supplied to the tear detection
unit 26 into digital signals, and supplies the digital signals
to the signal processing unit 27.

[0059] The living body state detection unit 64 accepts,
from the tear detection unit 26, the supply of the meas-
urement of the secretion amount of the tears secreted
by the user and the constituent analysis for the tears.
The living body state detection unit 64 also detects the
living body state of the user on the basis of the measure-
ment result and the analysis result.

<Configuration Example of Tear Detection Unit>

[0060] Next, a configuration example of the tear detec-
tion unit 26 will be described with reference to Fig. 5.
Each tear detection unit 26 is provided at a position cor-
responding to the collection opening G, detects the tears
collected by the collection opening G, and further ana-
lyzes the constituent of the detected tears. Note that, in
Fig. 5, the left part is a front diagram of the tear detection
unit 26, and the right part in the drawing is a side diagram.
[0061] The tear detection unit 26 includes a surface
including a fine hole 81 and in contact with the collection
opening G, a gauge chamber 82, a channel 83, a differ-
ential pressure flowmeter 84, control valves 85-1 and
85-2, analysis chambers 86-1 to 86-5, a micropump 87,
and a discharge valve 88. The tear detection unit 26 fur-
ther includes the analog-digital (AD) conversion unit 61.
[0062] The fine hole 81 includes a capillary, and col-
lects tears L using the capillary action through the col-
lection opening Gto supply the tears L to the gauge cham-
ber 82 as illustrated in the drawing. The gauge chamber
82 includes an electrode which is not illustrated, and de-
tects the volume of the collected tears. The detection
resultis supplied to the AD conversion unit 61 and output
as a digital signal.

[0063] The tears accumulated in the gauge chamber
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82 are conveyed to the analysis chamber 86 through the
channel 83 using the micropump 87. Meanwhile, the
channel 83 is provided with the differential pressure flow-
meter 84, in which the flow rate of the tears conveyed
through the channel 83 is measured. The measurement
resultis supplied to the AD conversion unit 61 and output
as a digital signal.

[0064] The analysis chambers 86-1to 86-5 respective-
ly analyze constituents of substances a to e, supply the
analysis results to the AD conversion unit 61, and cause
the AD conversion unit 61 to output the analysis results
as digital signals. Note that a detailed configuration of
the analysis chamber 86 will be described later in detail
with reference to Fig. 6. Note that the substances a to e
are the names that are used for identification of the sub-
stances, and are not the actual names of the substances.
[0065] Anopening degree of each of the control valves
85-1 and 85-2 is controlled by a control unit which is not
illustrated in order to adjust the amount of circulating tears
in accordance with the flow rate measured by the differ-
ential pressure flowmeter 84.

[0066] The discharge valve 88 is opened and closed
under the control of a control unit which is not illustrated,
and discharges the tears after the analysis from a dis-
charge opening.

[0067] Note that although the example of providing the
five analysis chambers 86-1 to 86-5 is illustrated in Fig.
5, a different number of analysis chambers 86 may be
provided.

<Configuration Example of Analysis Chamber>

[0068] Next, a configuration example of the above-
mentioned analysis chamber 86 will be described with
reference to Fig. 6.

[0069] The analysis chamber 86 includes an excitation
light source 101, an analysis space 102, a heater 103, a
lens 104, and a light receiver (spectroscopic analysis
unit) 106.

[0070] The excitation light source 101 generates and
radiates excitation light while the substance that is a sub-
ject is evaporated (or sublimated) by the heater 103, and
the analysis space 102 is filled with the vaporized sub-
stance. At this time, a spectral spectrum corresponding
to the vaporized substance is generated. The lens 104
causes the light receiver (spectroscopic analysis unit)
106 to collect the spectral spectrum.

[0071] The light receiver 106 analyzes and specifies
the substance thatis the subject using the spectral spec-
trum. The light receiver 106 also supplies information of
the specified detection object to the AD conversion unit
106, and causes the AD conversion unit 106 to output
the information of the specified detection object as a dig-
ital signal.

[0072] An air gap 105 is an air layer for reducing the
heat transfer and provided to prevent the eyeball from
being injured by the heat generated in the heater 103.
Specifically, the analysis chamber 86 is configured such
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that the lower part in the drawing comes into contact with
the eyeball when the display device 11 is worn on the
eyeball. Therefore, when the heating is performed by the
heater 103 in this state, the generated heat is transmitted
to the eyeball, and might cause a heat injury to the eye-
ball. Since the air gap 105 is a space filled with air having
a relatively low heat transfer coefficient, the transmission
of the heat generated by the heater 103 to the eyeball is
reduced, and the heat injury or the like to the eyeball is
prevented.

<Living Body Information Detection Process>

[0073] Next, a living body information detection proc-
ess will be described with reference to a flowchart in Fig.
7.

[0074] In step S11, tears on the eyeball are collected
by the fine hole 81 through the collection opening G using
the capillary action, and supplied to the gauge chamber
82.

[0075] In step S12, the gauge chamber 82 gauges the
collection amount of the collected tears, and supplies the
gauge result to the AD conversion unit 61. The AD con-
version unit 61 converts the collection amount of the tears
into a digital signal, and supplies the digital signal to the
living body state detection unit 64 of the signal processing
unit 27.

[0076] In step S13, the living body state detection unit
64 determines whether the collection amountis sufficient.
Specifically, since the analysis accuracy is likely to be
reduced when the collection amount of the tears is small,
it is determined whether the collection amount reaches
such a collection amount as to be detectable with a pre-
determined degree of accuracy.

[0077] When the collection amount is considered not
sufficient in step S13, the process returns to step S12.
In other words, the processes in steps S12 and S13 are
repeated until the collection amount is considered suffi-
cient.

[0078] After that, when the collection amount is con-
sidered sufficient in step S13, the process proceeds to
step S14.

[0079] In step S14, the analysis chamber 86 analyzes
the collected tears by means of the spectroscopic anal-
ysis, and outputs the analysis result to the AD conversion
unit 61. The AD conversion unit 61 digitizes the analysis
result, and outputs the digitized analysis result to the liv-
ing body state detection unit 64 of the signal processing
unit 27.

[0080] In step S15, the living body state detection unit
64 controls the recording unit 53 to cause the recording
unit 53 to record the analysis result.

[0081] In step S16, the biological state detection unit
64 detects the state of the living body on the basis of the
analysis result.

[0082] In step S17, the biological state detection unit
64 determines whether the living body state is correct
and appropriate. Specifically, when the state of the living
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body that is based on the analysis result is a result which
should not be true in principle, the process returns to step
S16. In this case, a similar result is obtained unless, for
example, the analysis method is changed. Therefore, for
example, a threshold value or the like is changed, and
the processes in steps S16 and S17 are repeated. Note
that as to whether the state of the living body is a result
which should be true in principle, information required for
the determination such as a threshold value may be set
in advance, or the user may directly perform the deter-
mination, and information that depends on the determi-
nation may be input. At this time, the method of deter-
mining the state of the living body that depends on the
analysis result may be changed by the user.

[0083] Afterthat, when it is determined that the detect-
ed state of the living body is correct and appropriate in
step S17, the process proceeds to step S18.

[0084] In step S19, the living body state detection unit
64 controls the signal antenna 23 to send the detected
living body information to the mobile terminal SP repre-
sented by a smartphone or the like, and cause the mobile
terminal SP to display the detected living body informa-
tion.

[0085] Owing to the above-mentioned processes, the
state of the living body is displayed on the mobile terminal
SP. Therefore, the user can recognize the living body
state without being particularly conscious of it. Mean-
while, it can also be considered that the analysis method
is learned when the processes in steps S16 and S17 are
repeated while the analysis method or the threshold val-
ue is changed until the appropriate state of the living body
is considered to be detected in step S17.

[0086] Therefore, in a case where the learning is com-
pleted, and whether the living body information is appro-
priate no longer needs to be determined in step S17, the
process in step S17 may be omitted.

[0087] Fig. 8 is a flowchart explaining the living body
state detection process from which the process of deter-
mining whether the living body information is appropriate
corresponding to step S17 is omitted. In other words,
processes in steps S41 to S47 in the flowchart of Fig. 8
correspond to the processes in steps S11 to S16 and
S17 in Fig. 7. Note that since the respective processes
are similar to the processes described with reference to
the flowchart of Fig. 7, the description of the living body
state detection process in Fig. 8 is omitted.

<Relation between State of Tears and Living Body State>

[0088] Next, a relation between a state of tears and
the living body state will be described using an example
with reference to Fig. 9. Note that any of the states in Fig.
9 is a living body state. In addition, any of M, N, O, P, Q,
R, S, and T is a constituent of tears that contributes to a
state transition of the living body state in an arrow direc-
tion, and they are hereinafter referred to as constituents
M, N, O, P, Q, R, S, and T, respectively.

[0089] The living body state that depends on the state
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of the tears is roughly classified into three states, that is,
divided into a normal state, a defensive state against a
reflex stimulus, and an affective state.

[0090] As used herein, the normal state represents a
state in which a film of tears is formed over the eyeball
with a blink in order to protect the eye. The tears in this
state are referred to as continuous tears. Therefore, in a
case where the state of the tears is the continuous tears,
the living body state is defined as the normal state.
[0091] In addition, the defensive state against the re-
flex stimulus represents a state in which more tears are
shed than those in the state of shedding the continuous
tears due to a foreign substance put into the eye or a
stimulus such as allyl sulfide of an onion in order to protect
the eye. Such tears are referred to as tears in a stimulant
state. Hereinafter, this state is also referred to as the
defensive state.

[0092] Furthermore, the affective state is a state in
which tears are shed with emotional effusion such as
during a joyful occasion and a sorrowful occasion. Such
tears are also referred to as emotion tears.

[0093] The tears in the affective state are further clas-
sified into three kinds, i.e., tears in an affective (positive)
state, tears in an affective (neutral) state, and tears in an
affective (negative) state.

[0094] The tears in the affective (positive) state repre-
sent tears in a state in which the emotion is changed to
the positive state such as when, for example, the person
passes an exam, a child is born, some effort is rewarded,
and the negative state is changed to the positive state at
once.

[0095] The tears in the affective (neutral) state repre-
sent, for example, tears in a state in which the affective
(positive) state and the affective (negative) state are bal-
anced. In this regard, the tears in the state in which the
affective (positive) state and the affective (negative) state
are balanced are tears in a continuous state. However,
since a typical human is in a state of a transition to either
of them in accordance with an individual difference, the
affective (neutral) state is defined as an initial state of the
tears in the affective state for convenience.

[0096] The tears in the affective (negative) state rep-
resent tears in a state in which the emotion is changed
to the negative state such as when, for example, the per-
son gets a surprise, has a fearful experience, and suffers
mental anxiety. Note that tears that are shed when the
person hits her little toe on something and keeps feeling
an aching pain for quite a while, and the emotion be-
comes the negative state, are classified as the tears in
the affective (negative) state.

[0097] Notethatsince any ofthe above-mentioned nor-
mal state and affective (neutral) state (initial state) has
the tears in the continuous state, the description will be
provided on the assumption that the normal state is also
included in the initial state.

[0098] The constituent M is a constituent of tears that
contributes to a transition from the initial state to the de-
fensive state. The constituent M is, for example, lactof-
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errin, substance P or the like. When the constituent M
increases in a short time and reaches a threshold value,
it can be determined that the state undergoes the tran-
sition to the defensive state. In other words, owing to the
change in the constituent M, itis possible to grasp wheth-
er a pain is perceived by the user or cannot be perceived
by the user.

[0099] The constituent N is a constituent of tears that
contributes to a transition from the initial state to the af-
fective (positive) state. The constituent N is, for example,
adrenaline or the like. When the constituent N increases
and reaches a threshold value, it can be determined that
the state is the affective (positive) state. In other words,
owing to the change in the constituent N, it is possible to
grasp whether exaltation or excitement of feelings is per-
ceived by the person herself or cannot be perceived by
the person herself.

[0100] The constituent O is a constituent of tears that
contributes to a transition from the initial state to the af-
fective (negative) state. The constituent O is, for exam-
ple, adrenocorticotropic hormone (ACTH), noradrenaline
or the like. When the constituent O reaches a threshold
value, it can be determined that the state is the affective
(negative) state. In other words, owing to the change in
the constituent O, it is possible to grasp whether stress
or frustration is perceived by the person herself or cannot
be perceived by the person herself.

[0101] The constituent Q is a constituent that contrib-
utes to a transition from the defensive state to the affec-
tive state. The constituent Q is, for example, lactoferrin,
substance P or the like. When the constituent Q is kept
at a threshold value for a long time, it can be determined
that the state is the affective state (deriving from an ach-
ing pain). Note that although the constituent Q is used
for the determination of a state similar to that in the con-
stituent M, the constituent Q is characterized by the long
duration time of the threshold value. Owing to the change
in the constituent Q, it is possible to grasp whether a
continuing pain is perceived by the person herself or can-
not be perceived by the person herself.

[0102] The constituent P is a constituent that contrib-
utes to a transition from the defensive state to the affec-
tive (positive) state. The constituent Q is a constituent
that contributes to a transition from the defensive state
to the affective (negative) state.

[0103] In addition, the above-mentioned constituent N
as well as the constituent P serves as the constituent that
contributes to the transition to the affective (positive)
state, and the constituent O as well as the constituent Q
serves as the constituent that contributes to the transition
tothe affective (negative) state. Therefore, inaccordance
with a ratio obtained when each of the constituents N, O,
P, and Q reaches the threshold value, a mutual state and
level between the affective (positive) state and the affec-
tive (negative) state can be grasped.

[0104] Therefore, in a case where only an affective ab-
solute value, thatis, only whether the state is the affective
(positive) state or the affective (negative) state, is to be
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grasped, when an increase or decrease in a constituent
deriving from both the constituent N or the constituent P
and the constituent O or the constituent Q reaches a
threshold value, it can be determined that the state is the
related affective state.

[0105] The constituent S is a constituent that indicates
an omen of a subsequent transition from the initial state
to the affective (positive) state. The constituent S is, for
example, phenylethanolamine N-methyltransferase or
the like. When the constituent S reaches a threshold val-
ue, it can be determined that the omen of the subsequent
transition to the affective (positive) state occurs.

[0106] The constituent T is a constituent that indicates
an omen of a subsequent transition from the affective
(positive) state to the initial state.

[0107] A constituent U is a constituent that indicates
an omen of a subsequent transition from the initial state
to the affective (negative) state. When the constituent U,
e.g., hydrocortisone (cortisol) or the like, reaches a
threshold value, it can be determined that the omen of
the subsequent transition to the affective (negative) state
occurs.

[0108] A constituent V is a constituent that indicates
an omen of a subsequent transition from the affective
(negative) state to the initial state. When the constituent
V, e.g., corticotropin-releasing hormone or the like,
reaches a threshold value, it can be determined that the
omen of the subsequent transition to the initial state oc-
curs.

[0109] Specifically, the constituent T or the constituent
V is the constituent that indicates an omen of a subse-
quent suppression of an affective absolute value. There-
fore, when a constituent deriving from both the constitu-
ent T or the constituent V, i.e., serotonin, monoamine
oxidase, catechol-O-methyltransferase or the like, reach-
es a threshold value, it can be determined that the omen
of the subsequent transition to the initial state occurs.

<Relation between Constituent of Tears and Time Tran-
sition>

[0110] Next, a relation between a constituent of tears
and a time transition will be described with reference to
Fig. 10.InFig. 10, a vertical axis indicates a concentration
ofa constituent A, and a horizontal axis indicates elapsed
time t(s). Note that the change on the second (s) time
scale is illustrated in Fig. 10.

[0111] As illustrated in Fig. 10, it is illustrated that a
period of time from an initial reference concentration to
a maximum concentration is a maximum concentration
arrival time. It is also illustrated that a period of time from
the initial reference concentration through the maximum
concentration to a half concentration is a half concentra-
tion arrival time.

[0112] As illustrated in Fig. 10, some constituents of
tears vary with alapse of about several hundred seconds.
As illustrated in Fig. 11, others change due to a lapse of
about several hours. Note that a variation in the cumu-
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lative constituent A at every predetermined time At is il-
lustrated in Fig. 11. A vertical axis is a cumulative value
(integrated value) of the concentration of the constituent
A per At, and a horizontal axis is elapsed time T(s). In
Fig. 11, a unit of time is an hour.

[0113] Therefore, with regard to the change in the con-
stituent of the tears, the change needs to be determined
using, for example, the variation amount (slope of the
graph) or avariation pattern thatis adapted to appropriate
elapse of time in accordance with the substance or the
like. For example, the elapse of time is changed on the
second time scale, the minute time scale, the hour time
scale, or the day time scale.

<Emotion Advance Prediction Computation Process>

[0114] Next, an emotion advance prediction computa-
tion process will be described with reference to a flow-
chart in Fig. 12.

[0115] In step S71, the living body state detection unit
64 reads previous analysis results for the constituents S,
T, U, and V from the recording unit 53, and obtains ref-
erence values of the respective constituents. Specifical-
ly, since the previously obtained analysis results for the
constituents S, T, U, and V are recorded in the recording
unit 53, they are read.

[0116] In step S72, the living body state detection unit
64 obtains reference variation amounts S’, T', U’, and V'
on the basis of the reference values of the respective
constituents.

[0117] In step S73, the living body state detection unit
64 reads analysis results for the constituents S, T, U, and
V at a current time from the recording unit 53, and obtains
variation amounts SAt, TAt, UAt, and VAt that are At var-
iation amounts of the respective constituents.

[0118] In step S74, the living body state detection unit
64 obtains, forthe constituents S, T, U, and V, differences
S", T",U",and V" (= a1 (SAt - S’), a2 (TAt- T’), a3 (UAt
-U’),and a4 (VAt-V’)) between the At variation amounts,
namely, the variation amounts SAt, TAt, UAt, and VA,
and the reference variation amounts S’, T’, U’, and V'.
Note that a1 to a4 are constituent coefficients. In other
words, a secretion ratio of each constituent is converted
into the coefficient for normalizing a numerical value to
be compared.

[0119] In step S75, the living body state detection unit
64 calculates a degree Pre_Pos_inc of occurrence of the
transition to the affectivity (positive) (affective positive)
as a difference (S" - T").

[0120] In step S76, the living body state detection unit
64 calculates a degree Pre_Neg_inc of occurrence of the
transition to the affectivity (negative) (affective negative)
as a difference (U" - V").

[0121] In step S77, the living body state detection unit
64 calculates a difference (U" - V") between the degree
Pre_Pos_inc of the occurrence of the transition to the
affectivity (positive) and the degree Pre_Neg_inc of the
occurrence of the transition to the affectivity (negative).
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The living body state detection unit 64 then determines
whether the difference is greater than zero. In other
words, the living body state detection unit 64 determines
whether the transition to the affective (positive) state is
likely to occur or the transition to the affectivity (negative)
is likely to occur.

[0122] In step S77, when it is determined that the dif-
ference between the degree Pre_Pos_inc of the occur-
rence of the transition to the affectivity (positive) and the
degree Pre_Neg_inc of the occurrence of the transition
to the affectivity (negative) is greater than zero, and the
transition to the affectivity (positive) is likely to occur, the
process proceeds to step S78.

[0123] In step S79, the living body state detection unit
64 controls the display element drive unit 28, sends, to
the mobile terminal SP via the signal antenna 23, infor-
mation indicating that the transition to the affective (pos-
itive) state occurs, and causes the mobile terminal SP to
display the information.

[0124] On the other hand, in step S77, when it is de-
termined that the difference between the degree
Pre_Pos_inc of the occurrence of the transition to the
affectivity (positive) and the degree Pre_Neg_inc of the
occurrence of the transition to the affectivity (negative)
is less than zero, and the transition to the affectivity (neg-
ative) is likely to occur, the process proceeds to step S78.
[0125] In step S78, the living body state detection unit
64 controls the display element drive unit 28, sends, to
the mobile terminal SP via the signal antenna 23, infor-
mation indicating that the transition to the affective (neg-
ative) state occurs, and causes the mobile terminal SP
to display the information.

[0126] In step S80, the living body state detection unit
64 sets, as an advance prediction emotion level, the dif-
ference (U" - V") between the degree Pre_Pos_inc of the
occurrence of the transition to the affectivity (positive)
and the degree Pre_Neg_inc of the occurrence of the
transition to the affectivity (negative). The living body
state detection unit 64 then records the advance predic-
tion emotion level in the recording unit 53.

[0127] In step S81, the living body state detection unit
64 performs a variation prediction for the advance pre-
diction emotion level on the basis of the advance predic-
tion emotion level. The living body state detection unit 64
then controls the display element drive unit 28, sends the
result of the variation prediction to the mobile terminal
SP via the signal antenna 23, and causes the mobile
terminal SP to display the result of the variation predic-
tion.

[0128] Specifically, for example, when the advance
prediction emotion level exceeds a predetermined
threshold value, or when a predetermined period of time
AT elapses from a timing of exceeding the threshold val-
ue, the living body state detection unit 64 causes the
mobile terminal SP to display whether the transition to
either the affective (positive) state or the affective (neg-
ative) state might occur. In addition, when the constituent
for the affectivity (positive) increases by A, and the con-
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stituent for the affectivity (negative) decreases by B, it
may be displayed whether the transition to either the af-
fective (positive) state or the affective (negative) state
might occur after the predetermined period of time AT
elapses from the timing of exceeding the threshold value.
Furthermore, a state of an emotion that is predicted from
a relation between an emotion specified by an emotion
computation process which will be described later and
the prediction may be learned, and the prediction may
be performed on the basis of the result of the learning.
[0129] Moreover, in step S71, the previously obtained
analysis results for the constituents S, T, U, and V to be
read are, for example, analysis results, for a predeter-
mined period of time after the transition of the state, hav-
ing the same transition pattern of the transition from a
state immediately before a current state to the current
state. Specifically, for example, in a case where the cur-
rent state is the initial state, and the state immediately
before the current state is the defensive state, previous
analysis results for the constituents S, T, U, and V for the
predetermined period of time after a timing of the transi-
tion from the initial state to the defensive state are read.
Then, the living body state detection unit 64 obtains
waveforms of the reference values from averages or the
like of the previously obtained and read analysis results
for the constituents S, T, U, and V. The living body state
detection unit 64 calculates, as the reference variation
amounts S’, T', U’, and V', slopes on the waveforms of
the reference values at a timing that coincides with elapse
of time after the transition to the current state.

[0130] Inthis manner, the reference variation amounts
S, T, U’, and V’ are obtained from the previous analysis
results for the constituents S, T, U, and V in the state
transition pattern having the same state transition,
whereby the accuracy of the emotion advance prediction
computation is improved.

[0131] As aresult, the transition of the affective state
can be predicted in advance as the information of the
living body state.

[0132] Inaddition, as described with reference to Figs.
10 and 11, a setting range for the At variation amount to
be used is also changed on the second time scale, the
minute time scale, the hour time scale, or the day time
scale. Consequently, a short-term prediction or a long-
term prediction is enabled. Furthermore, although the ex-
ample of using the At variation amount has been de-
scribed so far, the advance prediction may be performed
using a variation pattern in place of the At variation
amount.

<Emotion Computation Process>

[0133] Next, the emotion computation process will be
described with reference to a flowchart in Fig. 13.

[0134] Instep S111,theliving body state detection unit
64 reads previous analysis results for the constituents N,
O, P, and Q from the recording unit 53, and obtains ref-
erence values of the respective constituents. Specifical-
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ly, since the previously obtained analysis results for the
constituents N, O, P, and Q are recorded in the recording
unit 53, they are read. With regard to the previously ob-
tained analysis results for the constituents N, O, P, and
Q to be read, analysis results similar in content to the
analysis results for the constituents S, T, U, and V that
are read in the above-mentioned step S71 are read.
[0135] Instep S112,the living body state detection unit
64 obtains reference variation amounts N’, O’, P’, and Q’
on the basis of the reference values of the respective
constituents.

[0136] Instep S113,the living body state detection unit
64 reads analysis results for the constituents N, O, P,
and Q at a current time from the recording unit 53, and
obtains variation amounts NAt, OAt, PAt, and QAt that
are At variation amounts of the respective constituents.
[0137] Instep S114,the living body state detection unit
64 obtains, for the constituents N, O, P, and Q, differenc-
es N", O", P", and Q" (= B1 (NAt - N’), B2 (OAt - O’), B3
(PAt - P’), and B4 (QAt - Q’)) between the At variation
amounts, namely, the variation amounts NAt, OAt, PAt,
and QAt, and the reference variation amounts N’, O’, P’,
and Q’. Note that 31 to B4 are constituent coefficients. In
other words, a secretion ratio of each constituent is con-
verted into the coefficient for normalizing a numerical val-
ue to be compared.

[0138] Instep S115,the living body state detection unit
64 calculates adegree Pos_inc of the affectivity (positive)
as asum [N" + P"|.

[0139] Instep S116,the living body state detection unit
64 calculates a degree Neg_inc of the affectivity (nega-
tive) as a sum |O" + Q"|.

[0140] InstepS117,the living body state detection unit
64 computes a difference between the degree Pos_inc
of the affectivity (positive) and the degree Neg_inc of the
affectivity (negative). The living body state detection unit
64 then determines whether the difference is greater than
zero. In other words, the living body state detection unit
64 determines whether the state is the affective (positive)
state.

[0141] Instep S117, whenitis determined that the dif-
ference between the degree Pos_inc of the affectivity
(positive) and the degree Neg_inc of the affectivity (neg-
ative) is greater than zero, and the state is the affective
(positive) state, the process proceeds to step S119.
[0142] Instep S119,the living body state detection unit
64 controls the display element drive unit 28, sends, to
the mobile terminal SP, information indicating that the
state is the affective (positive) state by controlling the
signal antenna 23, and causes the mobile terminal SP
to display the information.

[0143] On the other hand, in step S117, when it is de-
termined that the difference between the degree Pos_inc
of the affectivity (positive) and the degree Neg_inc of the
affectivity (negative) is less than zero, and the state is
the affective (negative) state, the process proceeds to
step S118.

[0144] Instep S118,the living body state detection unit
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64 controls the display element drive unit 28, sends, to
the mobile terminal SP, information indicating that the
state is the affective (negative) state by controlling the
signal antenna 23, and causes the mobile terminal SP
to display the information.

[0145] Instep S120, the living body state detection unit
64 sets, as an emotion level, the difference between the
degree Pos_inc of the affectivity (positive) and the degree
Neg_inc of the affectivity (negative). The living body state
detection unit 64 then records the emotion level in the
recording unit 53.

[0146] Instep S121,the living body state detection unit
64 performs a variation prediction for the emotion level
on the basis of the emotion level. The living body state
detection unit 64 then controls the signal antenna 23 to
send the result of the variation prediction to the mobile
terminal SP, and causes the mobile terminal SP to display
the result of the variation prediction.

[0147] Specifically, forexample, when the emotion lev-
el exceeds a predetermined threshold value, or when the
predetermined period of time AT elapses from a timing
of exceeding the threshold value, the living body state
detection unit 64 causes the mobile terminal SP to display
whether the transition to either the affective (positive)
state or the affective (negative) state might occur. In ad-
dition, when the constituent for the affectivity (positive)
increases by A, and the constituent for the affectivity
(negative) decreases by B, the living body state detection
unit 64 may cause the mobile terminal SP to display
whether the transition to either the affective (positive)
state or the affective (negative) state might occur after
the predetermined period of time AT elapses from the
timing of exceeding the threshold value.

[0148] Moreover, after the predetermined period of
time elapses, the prediction may be able to be performed
using data of the variation amounts of the respective con-
stituents to which the state is input by the user, or the
prediction may be performed in accordance with a cor-
relation between the variation amounts of the respective
constituents. Furthermore, environmental information
such as at the time of wake-up/at the time of eating a
meal/commuting/during work/going back home/conver-
sation with a family/before bedtime, is used as external
text mining data, and the prediction may be performed
on the basis of a correlation with these items of external
text mining data. Furthermore, the prediction after the
elapse of the predetermined period of time may be per-
formed by means of a moving average prediction or an
approximate value prediction.

<Severe Pain/Aching Pain Computation Process>

[0149] Next, a severe pain/aching pain computation
process will be described with reference to a flowchart
in Fig. 14.

[0150] Instep S151,the living body state detection unit
64 reads a previous analysis result for the constituent M
from the recording unit 53, and obtains a reference value
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of the constituent. Specifically, since the previously ob-
tained analysis result for the constituent M is recorded in
the recording unit 53, it is read.

[0151] Instep S152,the living body state detection unit
64 obtains a reference variation amount M’ on the basis
of the reference value of the constituent M.

[0152] Instep S153, the living body state detection unit
64 reads an analysis result for the constituent M at a
current time from the recording unit 53, and obtains a
variation amount MAt that is a At variation amount of the
constituent M.

[0153] Instep S154,the living body state detection unit
64 obtains, for the constituent M, a difference M" (= y1
(MAt - M’) between the At variation amount, namely, the
variation amount MAt, and the reference variation
amount M’. Note that y1 is a constituent coefficient. In
other words, a secretion ratio of each constituent is con-
verted into the coefficient for normalizing a numerical val-
ue to be compared.

[0154] Instep S155, the living body state detection unit
64 determines whether the difference M" is greater than
a predetermined threshold value. In other words, the liv-
ing body state detection unit 64 determines whether the
state is the affectivity (negative) caused by an aching
pain or the defensive state.

[0155] In step S155, whenitis determined that the dif-
ference M" is greater than the threshold value, the state
is considered the affectivity (negative) caused by the ach-
ing pain or the defensive state, and the process proceeds
to step S156.

[0156] Instep S156, the living body state detection unit
64 determines whether the difference M" is kept greater
than the threshold value during a period of time AT1, i.e.,
about five to six minutes.

[0157] Instep S156, when the difference M" is consid-
ered to be kept greater than the threshold value during
the period of time AT1, i.e., about five to six minutes, the
process proceeds to step S157.

[0158] Instep S157,the living body state detection unit
64 controls the display element drive unit 28, sends, to
the mobile terminal SP, information indicating that the
state is the defensive state by controlling the signal an-
tenna 23, and causes the mobile terminal SP to display
the information. Specifically, when the constituent M is
greater than the threshold value for a somewhat short
time, the possibility of the external stimulusis high. There-
fore, it is determined that the state is the defensive state.
[0159] On the other hand, in step S156, when the dif-
ference M" is considered not to be kept greater than the
threshold value during the period of time AT1, i.e., about
five to six minutes, the process in step S157 is skipped.
[0160] Instep S158, the living body state detection unit
64 determines whether the difference M" is kept greater
than the threshold value during a period of time ATN, i.e.,
about a day.

[0161] Instep S158, when the difference M" is consid-
ered to be kept greater than the threshold value during
the period of time ATN, i.e., about a day, the process
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proceeds to step S159.

[0162] Instep S159, the living body state detection unit
64 controls the display element drive unit 28, sends, to
the mobile terminal SP, information indicating that the
state is the affective (negative) state caused by the ach-
ing pain by controlling the signal antenna 23, and causes
the mobile terminal SP to display the information. Spe-
cifically, when the constituent M is greater than the
threshold value for a somewhat long period of time, i.e.,
about a day, the pain continues even thoughiitis originally
caused by the external stimulus. Therefore, it is deter-
mined that the state is the affective (negative) state
caused by the aching pain.

[0163] On the other hand, in step S158, when the dif-
ference M" is considered not to be kept greater than the
threshold value during the period of time ATN, i.e., about
a day, the process in step S159 is skipped.

[0164] Instep S160, the living body state detection unit
64 sets the difference M" as a stimulus/aching pain level,
and records the stimulus/aching pain level in the record-
ing unit 53.

[0165] Instep S161,the living body state detection unit
64 performs a variation prediction for the stimulus/aching
pain level on the basis of the stimulus/aching pain level.
The living body state detection unit 64 then controls the
display element drive unit 28, sends the result of the var-
iation prediction to the mobile terminal SP by controlling
the signal antenna 23, and causes the mobile terminal
SP to display the result of the variation prediction.
[0166] Specifically, for example, the living body state
detection unit 64 may predict how a change in a new
stimulus/aching pain level undergoes a transition in ac-
cordance with a trend analysis of a variation pattern of
the stimulus/aching pain level, and cause the mobile ter-
minal SP to display the prediction.

[0167] In addition, the living body state detection unit
64 may predict how the change in the stimulus/aching
pain level undergoes a transition when the stimulus/ach-
ing pain level exceeds a threshold value, or when a pre-
determined period of time elapses after the stimulus/ach-
ing pain level exceeds the threshold value.

[0168] Furthermore, after the predetermined period of
time elapses, the living body state detection unit 64 may
predictthe change in the stimulus/aching pain level using
data of the variation amounts of the respective constitu-
ents to which the state is input by the user. Moreover,
the living body state detection unit 64 may predict the
change in the stimulus/aching pain level in accordance
with a correlation with the variation amount of each con-
stituent.

[0169] Furthermore, the living body state detection unit
64 may store the environmental information such as at
the time of wake-up/at the time of eating a meal/commut-
ing/during work/going back home/conversation with a
family/before bedtime, together with the external text
mining data to perform the prediction. Alternatively, the
living body state detection unit 64 may perform the pre-
diction after the elapse of the predetermined period of
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time by means of the moving average prediction or the
approximate value prediction.

[0170] In addition, the living body state detection unit
64 not only predicts whether the variation in the stimu-
lus/aching pain level that cannot be recognized by the
user occurs, and notifies the user, but also may inform a
medical institution or the like as necessary in accordance
with the stimulus/aching pain level.

<Tear Secretion Amount Computation Process>

[0171] Sofar, the process of specifying the state of the
living body by detecting the constituent that contributes
to the transition from the state of the living body of the
user such as the affective state and the defensive state
against the reflex stimulus described with reference to
Fig. 9 to another state, and the process of predicting how
the state of the living body subsequently changes have
been described. Therefore, these processes can also be
applied to a living body state which is not defined in Fig.
9 by detecting a constituent that contributes to a transition
to a predetermined living body state.

[0172] For example, manganese(ll) chloride or man-
ganese(lll) oxide that induces secretion of tears may be
measured as a constituent Z, and applied to a tear se-
cretion amount computation process for computing the
tear secretion amount. Therefore, next, the tear secretion
amount computation process will be described with ref-
erence to a flowchart in Fig. 14.

[0173] Instep S191, the living body state detection unit
64 reads a previous analysis result for the constituent Z
from the recording unit 53, and obtains a reference value
of the constituent. Specifically, since the previously ob-
tained analysis result for the constituent Z is recorded in
the recording unit 53, it is read.

[0174] Instep S192, the living body state detection unit
64 obtains a reference variation amount Z’ on the basis
of the reference value of the constituent Z.

[0175] Instep S193, the living body state detection unit
64 reads an analysis result for the constituent Z at a cur-
rent time from the recording unit 53, and obtains a vari-
ation amount ZAt that is a At variation amount of the con-
stituent Z.

[0176] Instep S194,the living body state detection unit
64 obtains, for the constituent Z, a difference Z" (= ©1
(ZAt - Z’) between the At variation amount, namely, the
variation amount ZAt, and the reference variation amount
Z'. Note that ®1 is a constituent coefficient. In other
words, a secretion ratio of each constituent is converted
into the coefficient for normalizing a numerical value to
be compared.

[0177] Instep S195, the living body state detection unit
64 sets the difference Z" as a tear secretion level, and
records the tear secretion level in the recording unit 53.
[0178] Instep S196, the living body state detection unit
64 performs a variation prediction for the tear secretion
level on the basis of the tear secretion level. The living
body state detection unit 64 then controls the display el-
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ement drive unit 28, sends the result of the variation pre-
diction to the mobile terminal SP by controlling the signal
antenna 23, and causes the mobile terminal SP to display
the result of the variation prediction.

[0179] Specifically, for example, the living body state
detection unit 64 may predict how a change in a new tear
secretion level undergoes a transition in accordance with
atrend analysis of a variation pattern of the tear secretion
level, and cause the mobile terminal SP to display the
prediction.

[0180] In addition, the living body state detection unit
64 may predict how the change in the tear secretion level
undergoes a transition when the tear secretion level ex-
ceeds athreshold value, or when a predetermined period
of time elapses after the tear secretion level exceeds the
threshold value.

[0181] Furthermore, after the predetermined period of
time elapses, the living body state detection unit 64 may
predict the change in the tear secretion level using data
of the variation amounts of the respective constituents
to which the state is input by the user. Moreover, the
living body state detection unit 64 may predict the change
inthe tear secretion level in accordance with a correlation
with the variation amount of the constituent O or the con-
stituent Q (adrenocorticotropic hormone (ACTH)).
[0182] Furthermore, the living body state detection unit
64 may store the environmental information such as at
the time of wake-up/at the time of eating a meal/commut-
ing/during work/going back home/conversation with a
family/before bedtime, together with the external text
mining data to perform the prediction. Alternatively, the
living body state detection unit 64 may perform the pre-
diction after the elapse of the predetermined period of
time by means of the moving average prediction or the
approximate value prediction.

<Awakening/Dormancy Advance Prediction Computa-
tion Process>

[0183] Sofar, the example of predicting the tear secre-
tion amount by means of the constituent Z has been de-
scribed. Then, for example, using the constituents S, T,
U, and V, aliving body state may be detected in an awak-
ening/dormancy advance prediction in such a manner
that, using a method similar to that for the example of
executing the advance emotion prediction computation
process, an advance awakening constituent and an ad-
vance dormancy constituent are defined, and an awak-
ening/dormancy advance prediction computation proc-
ess is executed. As used herein, the advance awakening
constituent is, for example, adrenaline or the like, and
the advance dormancy constituent is noradrenaline or
the like.

[0184] Therefore, next, the awakening/dormancy ad-
vance prediction computation process will be described
with reference to a flowchart in Fig. 16.

[0185] Instep S221, the living body state detection unit
64 reads previous analysis results for the advance awak-
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ening constituent AA and the advance dormancy constit-
uent BB from the recording unit53, and obtains reference
values of the respective constituents. Specifically, since
the previously obtained analysis results for the constitu-
ents AA and BB are recorded in the recording unit 53,
they are read.

[0186] Instep S222,the living body state detection unit
64 obtains reference variation amounts AA’ and BB’ on
the basis of the reference values of the respective con-
stituents.

[0187] Instep S223, the living body state detection unit
64 reads analysis results for the constituents AA and BB
at a current time from the recording unit 53, and obtains
variation amounts AAAt and BBAt that are At variation
amounts of the respective constituents.

[0188] Instep S224, the living body state detection unit
64 obtains, for the constituents AA and BB, differences
AA" and BB" (= 1 (AAAt - AA’) and n2 (BBAt - BB’) be-
tween the At variation amounts, namely, the variation
amounts AAAt and BBAt, and the reference variation
amounts AA’and BB’. Note thatn1and n2 are constituent
coefficients. In other words, a secretion ratio of each con-
stituent is converted into the coefficient for normalizing
a numerical value to be compared.

[0189] Instep S225, the living body state detection unit
64 calculates a degree Pre_Awa_inc of occurrence of
the transition to the awakening as AA".

[0190] Instep S226, the living body state detection unit
64 calculates a degree Pre_Dor_inc of occurrence of the
transition to the dormancy as BB".

[0191] Instep S227, the living body state detection unit
64 calculates a difference between the degree
Pre_Awa_inc of the occurrence of the transition to the
awakening and the degree Pre_Dor_inc of the occur-
rence of the transition to the dormancy. The living body
state detection unit 64 then determines whether the dif-
ference is greater than zero. In other words, the living
body state detection unit 64 determines whether the tran-
sition to the awakening is likely to occur or the transition
to the dormancy is likely to occur.

[0192] In step S227, whenitis determined that the dif-
ference between the degree Pre_Awa_inc of the occur-
rence of the transition to the awakening and the degree
Pre_Dor_inc of the occurrence of the transition to the
dormancy is greater than zero, and the transition to the
awakening s likely to occur, the process proceeds to step
S229.

[0193] Instep S229, the living body state detection unit
64 controls the signal antenna 23 to send, to the mobile
terminal SP, information indicating that the transition to
the awakening state occurs, and causes the mobile ter-
minal SP to display the information.

[0194] On the other hand, in step S227, when it is de-
termined that the difference between the degree
Pre_Awa_inc of the occurrence of the transition to the
awakening and the degree Pre_Dor_inc of the occur-
rence of the transition to the dormancy is less than zero,
and the transition to the dormancy is likely to occur, the
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process proceeds to step S228.

[0195] Instep S228, the living body state detection unit
64 controls the signal antenna 23 to send, to the mobile
terminal SP, information indicating that the transition to
the dormancy state occurs, and causes the mobile ter-
minal SP to display the information.

[0196] Instep S230, the living body state detection unit
64 sets, as an advance prediction awakening/dormancy
level, the difference between the degree Pre_Awa_inc
of the occurrence of the transition to the awakening and
the degree Pre_Dor_inc of the occurrence of the transi-
tion to the dormancy. The living body state detection unit
64 then records the difference in the recording unit 53.
[0197] Instep S231, the living body state detection unit
64 performs a variation prediction for the advance pre-
diction awakening/dormancy level on the basis of the ad-
vance prediction awakening/dormancy level. The living
body state detection unit 64 then controls the signal an-
tenna 23 to send the result of the variation prediction to
the mobile terminal SP, and causes the mobile terminal
SP to display the result of the variation prediction.
[0198] Specifically, for example, when the advance
prediction awakening/dormancy level exceeds a prede-
termined threshold value, or when the predetermined pe-
riod of time AT elapses from a timing of exceeding the
threshold value, the living body state detection unit 64
causes the mobile terminal SP to display whether the
transition to either the awakening state or the dormancy
state might occur. In addition, when the constituent for
the awakening increases by A, and the constituent for
the dormancy decreases by B, the living body state de-
tection unit 64 may cause the mobile terminal SP to dis-
play whether the transition to either the awakening state
or the dormancy state might occur after the predeter-
mined period of time AT elapses from the timing of ex-
ceeding the threshold value. Furthermore, a state of an
emotion thatis predicted from arelation between an emo-
tion specified by an awakening/dormancy computation
process which will be described later and the prediction
may be learned, and the prediction may be performed
on the basis of the result of the learning.

[0199] After the predetermined period of time elapses,
the living body state detection unit 64 may perform the
prediction using data of the variation amounts of the re-
spective constituents to which the state is input by the
user. In addition, the living body state detection unit 64
may predict the advance prediction awakening/dorman-
cy levelin accordance with a correlation with the variation
amount of the constituent O or the constituent Q (adren-
ocorticotropic hormone (ACTH)). The living body state
detection unit 64 may also predict the environmental in-
formation such as at the time of wake-up/at the time of
eating a meal/commuting/during work/going back
home/conversation with a family/before bedtime, togeth-
er with the external text mining data. Furthermore, the
living body state detection unit 64 may perform the pre-
diction after the elapse of the predetermined period of
time by means of the moving average prediction or the
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approximate value prediction.
<Awakening/Dormancy Computation Process>

[0200] So far, the awakening/dormancy advance pre-
diction computation process has been described. In a
manner similar to that for the emotion computation proc-
ess, aliving body state such as awakening and dormancy
can be detected using an awakening constituent and a
dormancy constituent. Therefore, next, the awaken-
ing/dormancy computation process will be described with
reference to a flowchart in Fig. 17. Note that the awak-
ening constituent CC is, for example, phenyleth-
anolamine N-methyltransferase (PNMT) or the like, and
the dormancy constituent DD is, for example, dopamine
B-hydroxylase (DBH) or the like.

[0201] Instep S261, the living body state detection unit
64 reads previous analysis results for the constituents
CC and DD from the recording unit 53, and obtains ref-
erence values of the respective constituents. Specifical-
ly, since the previously obtained analysis results for the
constituents CC and DD are recorded in the recording
unit 53, they are read.

[0202] Instep S262, the living body state detection unit
64 obtains reference variation amounts CC’ and DD’ on
the basis of the reference values of the respective con-
stituents.

[0203] Instep S263, the living body state detection unit
64 reads analysis results for the constituents CC and DD
at a current time from the recording unit 53, and obtains
variation amounts CCAt and DDAt that are At variation
amounts of the respective constituents.

[0204] Instep S264, the living body state detection unit
64 obtains, for the constituents CC and DD, differences
CC"and DD" (= w1 (CCAt - CC’) and pn2 (DDAt - DD’)
between the At variation amounts, namely, the variation
amounts CCAt and DDAt, and the reference variation
amounts CC’ and DD’. Note that n1 and p.2 are constit-
uent coefficients. In other words, a secretion ratio of each
constituent is converted into the coefficient for normaliz-
ing a numerical value to be compared.

[0205] Instep S265, the living body state detection unit
64 calculates a degree Awa_inc of the awakening as
|CCY.

[0206] Instep S266, the living body state detection unit
64 calculates adegree Dor_inc ofthe dormancy as |DD"|.
[0207] Instep S267, the living body state detection unit
64 performs a subtraction to obtain a difference between
the degree Awa_inc of the awakening and the degree
Dor_inc of the dormancy. The living body state detection
unit 64 then determines whether the difference is greater
than zero. In other words, the living body state detection
unit 64 determines whether the state is the awakening
state.

[0208] In step S267, whenitis determined that the dif-
ference between the degree Awa_inc of the awakening
and the degree Dor_inc of the dormancy is greater than
zero, and the state is the awakening state, the process
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proceeds to step S269.

[0209] Instep S269, the living body state detection unit
64 controls the signal antenna 23 to send, to the mobile
terminal SP, information indicating that the state is the
awakening state, and causes the mobile terminal SP to
display the information.

[0210] On the other hand, in step S267, when it is de-
termined thatthe difference between the degree Awa_inc
of the awakening and the degree Dor_inc of the dorman-
cy is less than zero, and the state is the dormancy state,
the process proceeds to step S268.

[0211] Instep S268, the living body state detection unit
64 controls the signal antenna 23 to send, to the mobile
terminal SP, information indicating that the state is the
dormancy state, and causes the mobile terminal SP to
display the information.

[0212] Instep S270, the living body state detection unit
64 sets, as an awakening/dormancy level, the difference
between the degree Awa_inc of the awakening and the
degree Dor_inc of the dormancy. The living body state
detection unit 64 then records the awakening/dormancy
level in the recording unit 53.

[0213] Instep S271, the living body state detection unit
64 performs a variation prediction for the awakening/dor-
mancy level on the basis of the awakening/dormancy lev-
el. The living body state detection unit 64 then controls
the display element drive unit 28, sends the result of the
variation prediction to the mobile terminal SP by control-
ling the signal antenna 23, and causes the mobile termi-
nal SP to display the result of the variation prediction.
[0214] Specifically, for example, when the awaken-
ing/dormancy level exceeds a predetermined threshold
value, or when the predetermined period of time AT
elapses from a timing of exceeding the threshold value,
the living body state detection unit 64 may cause the
mobile terminal SP to display whether the transition to
either the awakening or dormancy state might occur. In
addition, when the constituentforthe awakening increas-
es by A, and the constituent for the dormancy decreases
by B, the living body state detection unit 64 may cause
the mobile terminal SP to display whether the transition
to either the awakening state or the dormancy state might
occur after the predetermined period of time AT elapses
from the timing of exceeding the threshold value.
[0215] After the predetermined period of time elapses,
the prediction may be able to be performed using data
of the variation amounts of the respective constituents
to which the state is input by the user, or the prediction
may be performed in accordance with a correlation be-
tween the variation amounts of the respective constitu-
ents. Furthermore, the environmental information such
as at the time of wake-up/at the time of eating a
meal/commuting/during work/going back home/conver-
sation with a family/before bedtime, is used as the exter-
nal text mining data, and the prediction may be performed
on the basis of a correlation with these items of external
text mining data. Furthermore, the prediction after the
elapse of the predetermined period of time may be per-
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formed by means of the moving average prediction or
the approximate value prediction.

<Dry Eyes Determination Process>

[0216] Sofar, the example of detecting the information
of various living body states from the constituents of the
tears has been described. Moreover, information indicat-
ing whether dry eyes occur may be detected as the in-
formation of the living body state in accordance with the
secretion amount, the constituent, and the secretion fre-
quency of the tears. Therefore, next, a dry eyes determi-
nation process will be described with reference to a flow-
chart in Fig. 18.

[0217] In step S301, tears on the eyeball are collected
by the fine hole 81 through the collection opening G, and
supplied to the gauge chamber 82.

[0218] In step S302, the gauge chamber 82 gauges
the collection amount of the collected tears, and supplies
the gauge result to the AD conversion unit 61. The AD
conversion unit 61 converts the collection amount of the
tears into a digital signal, and supplies the digital signal
to the living body state detection unit 64 of the signal
processing unit 27.

[0219] Instep S303, the analysis chamber 86 analyzes
the collected tears by means of the spectroscopic anal-
ysis, and outputs the analysis result to the AD conversion
unit 61. The AD conversion unit 61 digitizes the analysis
result, and outputs the digitized analysis result to the liv-
ing body state detection unit 64 of the signal processing
unit 27.

[0220] Instep S304, the living body state detection unit
64 detects the secretion frequency of the tears, and con-
trols the recording unit 53 to cause the recording unit 53
to record information of the secretion frequency.

[0221] In step S305, the biological state detection unit
64 determines whether the dry eyes syndrome occurs
on the basis of the collection amount of the tears, the
constituent analysis result, and the secretion frequency
of the tears. The biological state detection unit 64 then
controls the signal antenna 23 to send the determination
result to the mobile terminal SP, and cause the mobile
terminal SP to display the determination result.

[0222] Owing to the above-mentioned processes, the
determination result as to whether the dry eyes syndrome
occurs can be detected as the living body information of
the user, and the user can be notified of the determination
result. In addition, data of the collection amount of the
tears, the constituent analysis result, and the secretion
frequency of the tears may be sent to an external device
through the signal antenna 23, and whether the dry eyes
syndrome occurs may be estimated by means of the ex-
ternal device itself or a determination system using the
external device and a data server.

[0223] Furthermore, in accordance with the estimation
result, a lacrimal gland may be chemically stimulated in
such a manner thatlachrymator is secreted by an effector
having a container in which the lachrymator is stored in
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advance, or the lacrimal gland may be physically stimu-
lated by light, electricity, contact with a structure or the
like, whereby tears may be forcibly secreted. Moreover,
a display for asking the user to perform rehabilitation op-
eration for alleviating or curing the dry eyes syndrome
may be provided on a display tool such as a smartphone.
Alternatively, such a system may be employed that the
data are stored in a server that can be shared with a
hospital or the like, and a specialist prescribes advice or
medicine for the user.

<First Modification>

[0224] So far, the examples of the processes of deter-
mining whether the state is the living body state A or B
on the basis of, for example, whether the difference be-
tween the respective degrees of the constituent that con-
tributes to the living body state A and the constituent that
contributes tothe living body state B is positive have been
described. Alternatively, for example, a threshold value
may be set for each constituent, and whether the state
is the living body state A or B may be determined on the
basis of a relation with each threshold value.

[0225] Specifically, a section from a timing when a con-
centration of a constituent X (positive) that contributes to
the affectivity (positive) becomes greater than a threshold
value Xp’ as illustrated in the upper row of Fig. 19 and a
concentration of a constituent X (negative) that contrib-
utes to the affectivity (negative) becomes less than a
threshold value Xn" as illustrated in the lower row of Fig.
19 until the concentration of the constituent X (positive)
that contributes to the affectivity (positive) becomes less
than a threshold value Xp" and the concentration of the
constituent X (negative) that contributes to the affectivity
(negative) exceeds a threshold value Xn’ may be set to
the affective (positive) state indicated by section 1.
[0226] The constituent X (positive) is, for example,
adrenaline or the like, and the constituent X (negative)
from the initial state is, for example, adrenocorticotropic
hormone (ACTH), noradrenaline or the like.

[0227] In addition, a section from a timing when a pre-
determined period of time ATp’, ATn’ elapses from the
timing when the affective (positive) state is satisfied until
atiming when a predetermined period of time ATp", ATn"
elapses from the timing when the affective (positive) state
becomes not satisfied may be set as the affective (pos-
itive) state as indicated by section 2.

<Second Modification>

[0228] So far, the example of setting whether the state
is the affective (positive) state or the affective (negative)
state on the basis of the mutual conditions between the
constituent X (positive) that contributes to the affectivity
(positive) and the constituent X (negative) that contrib-
utes to the affectivity (negative) has been descried. Al-
ternatively, for example, whether the state is the affective
(positive) state or the affective (negative) state may be
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set in accordance with a condition of either one them.
[0229] Forexampleasillustratedin Fig.20, setting may
be performed on the assumption that section 1 from when
the concentration of the constituent X (positive) that con-
tributes to the affectivity (positive) becomes greater than
athreshold value X’ untilit becomes less than a threshold
value X" is the affective (positive) state, and other sec-
tions are the affective (negative) state. In this case, the
constituent X (positive) that contributes to the affectivity
(positive) is, for example, the above-mentioned constit-
uent N or the like, e.g., adrenaline or the like.

[0230] Alternatively, asillustrated in Fig. 20, on the as-
sumption that section 2 from a timing when a predeter-
mined period of time AT’ elapses from the timing when
the concentration of the constituent X (positive) that con-
tributes to the affectivity (positive) becomes greater than
the threshold value X’ until a timing when a predeter-
mined period of time AT" elapses from the timing when
itbecomes less than the threshold value X" is the affective
(positive) state, and other sections are the affective (neg-
ative) state, they may be grasped as an omen of a sub-
sequent transition. In this case, the constituent X (posi-
tive) that contributes to the affectivity (positive) is, for ex-
ample, the above-mentioned constituent S or the like,
e.g., phenylethanolamine N-methyltransferase or the
like.

[0231] In a similar manner, for example, as illustrated
in Fig. 21, setting may be performed on the assumption
that section 1 from when the concentration of the con-
stituent X (negative) that contributes to the affectivity
(negative) becomes less than the threshold value X" until
it becomes greater than the threshold value X’ is the af-
fective (negative) state, and other sections are the affec-
tive (positive) state. In this case, the constituent X (neg-
ative) that contributes to the affectivity (negative) is, for
example, the above-mentioned constituent S or the like,
e.g., phenylethanolamine N-methyltransferase or the
like.

[0232] Alternatively, asillustrated in Fig. 21, on the as-
sumption that a section from a timing when the predeter-
mined period of time AT’ elapses from the timing when
the concentration of the constituent X (negative) that con-
tributes to the affectivity (negative) becomes less than
the threshold value X" until a timing when the predeter-
mined period of time AT" elapses from the timing when
it becomes greater than the threshold value X’ is the af-
fective (negative) state, and other sections are the affec-
tive (positive) state, they may be grasped as an omen of
a subsequent transition. In this case, the constituent X
(negative) that contributes to the affectivity (negative) is,
for example, the above-mentioned constituent N or the
like, e.g., adrenaline or the like.

<Third Modification>
[0233] The variation prediction for the advance predic-

tion emotion level or the emotion level may be performed
in accordance with specific operation of the user.
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[0234] Specifically, as illustrated in Fig. 22, in a case
where operation of affixing a stamp (for example, a heart
in the drawing) indicating the affective (negative) state is
performed at a timing of time t12, ranking of the emotion
levels within a range from this timing surrounded by a
square frame in the drawing is obtained, and a period of
time from the lowest value until the emotion level be-
comes a state of zero is predicted.

[0235] More specifically, as illustrated in Fig. 23, a dis-
tribution of average time until the emotion level returns
to zero is obtained for each value of the emotion level,
whereby the approximate time when the emotion level
becomes zero can be predicted.

[0236] Therefore, inthe case of Fig. 22, since the emo-
tion level is lowest at time t11, this value is applied to the
graph in Fig. 23, whereby the period of time to zero can
be predicted.

[0237] In addition, a waveform pattern of the earlier
emotion level may be stored, and the prediction may be
performed by means of matching. Note that the advance
prediction emotion level can also be predicted using a
method similar to that for the emotion level.

<Fourth Modification>

[0238] Furthermore, contents to be presented to the
user may be determined using a waveform pattern of the
above-mentioned advance prediction emotion level or
emotion level.

[0239] Specifically, as illustrated in Fig. 24, since the
waveform pattern of the advance prediction emotion level
or the emotion level is associated with a schedule, the
schedule is compared, and a criterion for the determina-
tion may be presented to a so-called agent. Examples of
the criterion for the determination include whether pre-
senting arecommendation now annoys the user, whether
there is room for making a joke, or whether presentation
of only playing music for refreshment should be given.
[0240] For example, at the time of notification of the
affectivity (negative), if the notification of the affectivity
(negative) is given during work time, it is difficult for the
user to refresh herself and cause the state to undergo
the transition to the affective (positive) state, and what is
worse, work efficiency is liable to be reduced. In this case,
therefore, the notification of the affectivity (negative) is
suspended. Then, for example, the notification can be
given during lunch time or the like when the user can
relatively easily cause the state to undergo the transition
to the affective (positive) state by going for a walk or the
like even though the user receives the notification of the
affectivity (negative).

[0241] In addition, various types of determination may
be performed using the waveform pattern of the advance
prediction emotion level or the emotion level in conjunc-
tion with, for example, a schedule/history of location in-
formation/viewing history/behavior history/search histo-
ry/operation history.
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<Second Configuration Example>

[0242] Sofar, the configuration of the contact lens type
display device including the function of collecting tears
and the function of analyzing the collected tears has been
described, which corresponds to Case 1 in Fig. 1. Then,
next, the contact lens type collection device for tears and
the configuration for analyzing the tears collected by the
collection device by means of the analysis device AN and
causing the mobile terminal or the like to display the anal-
ysis result will be described, which corresponds to Case
2in Fig. 1.

[0243] Fig. 25is a diagram illustrating the contact lens
type collection device for tears and a configuration ex-
ample for analyzing the tears collected by the collection
device by means of the analysis device AN and causing
the mobile terminal or the like to display the analysis re-
sult. The collection device 201 for tears is illustrated in
the upper part of Fig. 25, and the configuration of the
analysis device AN is illustrated in the lower part of Fig.
25.

[0244] Note that the collection device 201 is a compo-
nent corresponding to the tear detection unit 26 of the
contact lens type display device 11, and provided at the
collection opening G in Fig. 2.

[0245] More specifically, in a manner similar to that for
the collection opening G in Fig. 5, the collection device
201 is provided with the fine hole 81 at a part that comes
into contact with the eyeball, and tears are collected using
the capillary action, and stored in a storage container 202.
[0246] Then, the collection device 201 with the tears
collected is stored in the analysis device AN as it is.

<Configuration Example of Analysis Device>

[0247] Next, a configuration example of the analysis
device AN in Fig. 26 will be described. Note that, in the
analysis device AN in Fig. 26, a component including a
function that is the same as the function constituting the
display device 11 in Fig. 4 and the tear detection unit 26
in Fig. 5is denoted by the same reference sign and name,
and the description thereofis appropriately omitted. How-
ever, although the same function is included, the size is
different from that of the component of the display device
11inFig. 4 provided within the contactlens type structure.
[0248] In other words, the analysis device AN has both
the analysis function of the tear detection unit 26 and the
living body state detection function of the display device
11. Specifically, the analysis device AN includes the
channel 83, the differential pressure flowmeter 84, the
control valves 85-1 and 85-2, the analysis chambers 86-1
to 86-5, AD conversion units 211 and 221-1 to 221-5, the
micropump 87, the signal processing unit 27, the living
body state detection unit 64, the recording unit 53, the
signal antenna 23, the power supply antenna 22, and the
power generation unit 24.

[0249] Note that the analysis device AN is provided
with a part on which the collection device 201 can be
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installed, and provided with the channel 83 from which
the tears collected by the storage container 202 of the
installed collection device 201 are taken out, and the
tears collected therefrom are delivered to the analysis
chambers 86-1 to 86-5. The analysis chambers 86-1 to
86-5 detect various constituents, and output the detection
results respectively to the AD conversion units 221-1 to
221-5, where the detection results are converted into dig-
ital signals and output to the signal processing unit 27.
At this time, the differential pressure flowmeter 84 also
measures the flow rate of the tears read from the collec-
tion device 201, converts the flow rate into a digital signal,
and output the digital signal to the signal processing unit
27.

[0250] The living body state detection unit 64 of the
signal processing unit 27 executes processes similar to
the above-mentioned processes on the basis of the anal-
ysis results supplied from the analysis chambers 86-1 to
86-5. The living body state detection unit 64 then controls
the signal antenna 23 to send information that depends
on the analysis result to the mobile terminal SP repre-
sented by a smartphone.

[0251] Note that since the various processes are sim-
ilar to those in Case 1, the description thereof is omitted.
[0252] Meanwhile, the above-mentioned sequence of
processes can be executed by hardware, and can also
be executed by software. In a case where the sequence
of processes is executed by the software, a program con-
stituting the software is installed from a recording medium
on a computer incorporated in dedicated hardware or,
for example, on a general-purpose personal computer
capable of executing various functions by installing var-
ious programs.

[0253] Fig. 27 is a diagram illustrating a configuration
example of the general-purpose personal computer. A
central processing unit (CPU) 1001 is embedded in the
personal computer. Aninput/outputinterface 1005 is cou-
pled tothe CPU 1001 via a bus 1004. A read only memory
(ROM) 1002 and a random access memory (RAM) 1003
are connected to the bus 1004.

[0254] An input unit 1006, an output unit 1007, a stor-
age unit 1008, and a communication unit 1009 are con-
nected to the input/output interface 1005. The input unit
1006 includes an input device such as a keyboard and
amouse through which the userinputs an operation com-
mand. The output unit 1007 outputs a processing oper-
ation screen or an image of the processing result to a
display device. The storage unit 1008 includes a hard
disk drive or the like in which a program or various types
of data are stored. The communication unit 1009 includes
a local area network (LAN) adapter or the like, and exe-
cutes a communication process via a network represent-
ed by the Internet. In addition, a drive 1010 is connected.
The drive 1010 reads and writes data from and to a re-
movable medium 1011 such as a magnetic disk (includ-
ing a flexible disk), an optical disk (including a compact
disc-read only memory (CD-ROM) and a digital versatile
disc (DVD)), a magneto-optical disk (including a minidisc
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(MD)), or a semiconductor memory.

[0255] The CPU 1001 executes the various processes
in accordance with a program stored in the ROM 1002
oraprogram read from the removable medium 1011 such
as a magnetic disk, an optical disk, a magneto-optical
disk, or a semiconductor memory, installed on the stor-
age unit 1008, and loaded from the storage unit 1008 on
the RAM 1003. Data or the like required for the CPU 1001
to execute the various processes are appropriately
stored in the RAM 1003.

[0256] In the computer configured as mentioned
above, the CPU 1001 loads, for example, the program
stored in the storage unit 1008 on the RAM 1003 via the
input/output interface 1005 and the bus 1004, and exe-
cutes the program, whereby the above-mentioned se-
quence of processes is performed.

[0257] The program that is executed by the computer
(CPU 1001) can be recorded in the removable medium
1011 serving as, for example, a package medium or the
like, and provided. Alternatively, the program can be pro-
vided through a wired or wireless transmission medium
such as a local area network, the Internet, and digital
satellite broadcasting.

[0258] In the computer, the program can be installed
on the storage unit 1008 via the input/output interface
1005 when the removable medium 1011 is mounted in
the drive 1010. Alternatively, the program can be re-
ceived at the communication unit 1009 via a wired or
wireless transmission medium, and installed on the stor-
age unit 1008. Additionally, the program can be installed
in advance on the ROM 1002 or the storage unit 1008.
[0259] Note that the program that is executed by the
computer may be such a program that the processes are
performed in time series in the order described in the
present description, or may be such a program that the
processes are performed parallelly or at a necessary tim-
ing, i.e., for example, when a call is performed.

[0260] In addition, in the present description, the sys-
tem means a collection of a plurality of components (de-
vices, modules (parts) or the like), whether all the com-
ponents exist in the same housing or not. Therefore, both
a plurality of devices housed in separate housings and
coupled via a network and a single device including a
single housing in which a plurality of modules is housed
are the systems.

[0261] Note that the embodiment of the present tech-
nology is not limited to the above-mentioned embodi-
ment, and can be variously changed in a range not de-
parting from the gist of the present technology.

[0262] For example, the present technology can take
a configuration of cloud computing in which a single func-
tion is shared and processed by a plurality of devices in
cooperation with each other via a network.

[0263] In addition, the respective steps described in
the above-mentioned flowcharts can be executed by a
single device, or can be shared and executed by a plu-
rality of devices.

[0264] Furthermore, in a case where a plurality of proc-
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esses is included in a single step, the plurality of proc-
esses included in the single step can be executed by a
single device, or can be shared and executed by a plu-
rality of devices.

[0265] Note that the present technology can also take
the following configuration.

(1) A detection device including:

an analysis unit configured to perform a constit-
uent analysis for tears gathered from a living
body; and

a detection unit configured to detect a state of
the living body on the basis of a result of the
constituent analysis for the tears.

(2) The detection device according to (1), wherein
the detection unit detects the state of the living body
that is determined in accordance with a kind of the
tears on the basis of the result of the constituent anal-
ysis for the tears.

(3) The detection device according to (1) or (2),
wherein

an affective state caused by an emotion of the living
body is included in the state of the living body.

(4) The detection device according to (3), wherein
the detection unit specifies whether the state of the
living body undergoes a ftransition to a predeter-
mined affective state on the basis of an analysis re-
sult, obtained as the result of the constituent analysis
for the tears, for a substance that is secreted when
the state of the living body is about to undergo the
transition to the predetermined affective state.

(5) The detection device according to (4), wherein
the detection unit specifies whether the state of the
living body undergoes a transition to either a first
affective state or a second affective state on the basis
of a degree of likelihood of the transition to the first
affective state calculated on the basis of an analysis
result, obtained as the result of the constituent anal-
ysis for the tears, for a substance that is secreted
when the state of the living body is about to undergo
the transition to the first affective state, and a degree
of likelihood of the transition to the second affective
state calculated on the basis of an analysis result,
obtained as the result of the constituent analysis for
the tears, for a substance that is secreted when the
state of the living body is about to undergo the tran-
sition to the second affective state.

(6) The detection device according to (5), wherein
the detection unit further calculates an advance pre-
diction emotion level indicating a degree of a state
of the living body to which the state of the living body
is estimated to be going to undergo a transition on
the basis of the degree of the likelihood of the tran-
sition to the first affective state and the degree of the
likelihood of the transition to the second affective
state.
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(7) The detection device according to (6), wherein
the detection unit predicts a variation in the advance
prediction emotion level at a time after a current time
on the basis of the advance prediction emotion level.
(8) The detection device according to (3), wherein
the detection unit specifies the state of the living body
on the basis of an analysis result, obtained as the
result of the constituent analysis for the tears, for a
substance that is secreted a lot when the state of the
living body is a predetermined affective state.

(9) The detection device according to (8), wherein
the detection unit specifies whether the state of the
tears is either a first affective state or a second af-
fective state on the basis of a degree of likelihood of
the first affective state calculated on the basis of an
analysis result, obtained as the result of the constit-
uent analysis for the tears, for a substance that is
secreted a lot during the first affective state, and a
degree of likelihood of the second affective state cal-
culated on the basis of an analysis result, obtained
as the result of the constituent analysis for the tears,
for a substance that is secreted a lot during the sec-
ond affective state.

(10) The detection device according to (9), wherein
the detection unit further calculates an emotion level
indicating a degree of the affective state of the living
body on the basis of the degree of the likelihood of
the first affective state and the degree of the likeli-
hood of the second affective state.

(11) The detection device according to (10), wherein
the detection unit predicts a variation in the emotion
level at a time after a current time on the basis of the
emotion level.

(12) The detection device according to (2), wherein
a state caused by a stimulus to the living body is
included in the state of the living body.

(13) The detection device according to (12), wherein
the detection unit specifies whether the state of the
living body is the state caused by the stimulus to the
living body oran affective state caused by an emotion
of the living body to which the state of the living body
undergoes a transition when the living body keeps
feeling an aching pain on the basis of an analysis
result, obtained as the result of the constituent anal-
ysis for the tears, for a substance that is secreted
when there is the stimulus to the living body or when
the living body feels the aching pain.

(14) The detection device according to (13), wherein
the detection unit specifies whether the state of the
living body is the state caused by the stimulus to the
living body or the affective state caused by the emo-
tion of the living body on the basis of a length of a
period of time which is based on the analysis result
for the substance that is secreted when there is the
stimulus to the living body or when the living body
feels the aching pain, and during which a value in-
dicating a secretion amount of the substance is equal
to or greater than a predetermined threshold value.
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(15) The detection device according to (13) or (14),
wherein

the detection unit calculates a stimulus level or an
aching pain level for the living body on the basis of
the analysis result for the substance that is secreted
when there is the stimulus to the living body or when
the living body feels the aching pain.

(16) The detection device according to (15), wherein
the detection unit predicts a variation in the stimulus
level or the aching pain level at a time after a current
time on the basis of the stimulus level or the aching
pain level.

(17) The detection device according to any of (1) to
(16), wherein

the detection unit specifies a secretion level of the
tears of the living body on the basis of an analysis
result, obtained as the result of the constituent anal-
ysis for the tears, for a specific substance.

(18) The detection device according to any of (1) to
(17), wherein

the detection device is attachable and detachable to
and from an eyeball.

(19) A detection method including the steps of:

performing a constituent analysis for tears gath-
ered from a living body; and

detecting a state of the living body on the basis
of a result of the constituent analysis for the
tears.

(20) A program that causes a computer to execute
a process including:

an analysis step of performing a constituent
analysis for tears gathered from a living body;
and

a detection step of detecting a state of the living
body on the basis of a result of the constituent
analysis for the tears.

REFERENCE SIGNS LIST

[0266]

11 Display device

21 Display region

25 Posture detection unit
26-1to 26-3, 26  Tear detection unit

27 Signal processing unit
61 AD conversion unit

64 Living body state detection unit
86, 86-1to 86-5  Analysis chamber

101 Excitation light source
102 Analysis space

103 Heater

104 Lens

105 Air gap

106 Light receiver
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Claims

1.

A detection device comprising:

an analysis unit configured to perform a constit-
uent analysis for tears gathered from a living
body; and

a detection unit configured to detect a state of
the living body on the basis of a result of the
constituent analysis for the tears.

The detection device according to claim 1, wherein
the detection unit detects the state of the living body
that is determined in accordance with a kind of the
tears onthe basis of the result of the constituent anal-
ysis for the tears.

The detection device according to claim 1, wherein
an affective state caused by an emotion of the living
body is included in the state of the living body.

The detection device according to claim 3, wherein
the detection unit specifies whether the state of the
living body undergoes a transition to a predeter-
mined affective state on the basis of an analysis re-
sult, obtained as the result of the constituent analysis
for the tears, for a substance that is secreted when
the state of the living body is about to undergo the
transition to the predetermined affective state.

The detection device according to claim 4, wherein
the detection unit specifies whether the state of the
living body undergoes a transition to either a first
affective state or asecond affective state on the basis
of a degree of likelihood of the transition to the first
affective state calculated on the basis of an analysis
result, obtained as the result of the constituent anal-
ysis for the tears, for a substance that is secreted
when the state of the living body is about to undergo
the transition to the first affective state, and a degree
of likelihood of the transition to the second affective
state calculated on the basis of an analysis result,
obtained as the result of the constituent analysis for
the tears, for a substance that is secreted when the
state of the living body is about to undergo the tran-
sition to the second affective state.

The detection device according to claim 5, wherein
the detection unit further calculates an advance pre-
diction emotion level indicating a degree of a state
of the living body to which the state of the living body
is estimated to be going to undergo a transition on
the basis of the degree of the likelihood of the tran-
sition to the first affective state and the degree of the
likelihood of the transition to the second affective
state.

The detection device according to claim 6, wherein
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10.

1.

12.

13.

14.

the detection unit predicts a variation in the advance
prediction emotion level at a time after a current time
on the basis of the advance prediction emotion level.

The detection device according to claim 3, wherein
the detection unit specifies the state of the living body
on the basis of an analysis result, obtained as the
result of the constituent analysis for the tears, for a
substance thatis secreted a lot when the state of the
living body is a predetermined affective state.

The detection device according to claim 8, wherein
the detection unit specifies whether the state of the
tears is either a first affective state or a second af-
fective state on the basis of a degree of likelihood of
the first affective state calculated on the basis of an
analysis result, obtained as the result of the constit-
uent analysis for the tears, for a substance that is
secreted a lot during the first affective state, and a
degree of likelihood of the second affective state cal-
culated on the basis of an analysis result, obtained
as the result of the constituent analysis for the tears,
for a substance that is secreted a lot during the sec-
ond affective state.

The detection device according to claim 9, wherein
the detection unit further calculates an emotion level
indicating a degree of the affective state of the living
body on the basis of the degree of the likelihood of
the first affective state and the degree of the likeli-
hood of the second affective state.

The detection device according to claim 10, wherein
the detection unit predicts a variation in the emotion
level at a time after a current time on the basis of the
emotion level.

The detection device according to claim 2, wherein
a state caused by a stimulus to the living body is
included in the state of the living body.

The detection device according to claim 12, wherein
the detection unit specifies whether the state of the
living body is the state caused by the stimulus to the
living body or an affective state caused by an emotion
of the living body to which the state of the living body
undergoes a transition when the living body keeps
feeling an aching pain on the basis of an analysis
result, obtained as the result of the constituent anal-
ysis for the tears, for a substance that is secreted
when there is the stimulus to the living body or when
the living body feels the aching pain.

The detection device according to claim 13, wherein
the detection unit specifies whether the state of the
living body is the state caused by the stimulus to the
living body or the affective state caused by the emo-
tion of the living body on the basis of a length of a
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period of time which is based on the analysis result
for the substance that is secreted when there is the
stimulus to the living body or when the living body
feels the aching pain, and during which a value in-
dicating a secretion amount of the substance is equal
to or greater than a predetermined threshold value.

The detection device according to claim 13, wherein
the detection unit calculates a stimulus level or an
aching pain level for the living body on the basis of
the analysis result for the substance that is secreted
when there is the stimulus to the living body or when
the living body feels the aching pain.

The detection device according to claim 15, wherein
the detection unit predicts a variation in the stimulus
level or the aching pain level at a time after a current
time on the basis of the stimulus level or the aching
pain level.

The detection device according to claim 1, wherein
the detection unit specifies a secretion level of the
tears of the living body on the basis of an analysis
result, obtained as the result of the constituent anal-
ysis for the tears, for a specific substance.

The detection device according to claim 1, wherein
the detection device is attachable and detachable to
and from an eyeball.

A detection method comprising the steps of:

performing a constituent analysis for tears gath-
ered from a living body; and

detecting a state of the living body on the basis
of a result of the constituent analysis for the
tears.

A program that causes a computer to execute a proc-
ess comprising:

an analysis step of performing a constituent
analysis for tears gathered from a living body;
and

a detection step of detecting a state of the living
body on the basis of a result of the constituent
analysis for the tears.

15

20

25

30

35

40

45

50

55

22

42



EP 3 159 693 A1

23



FIG. 2

EP 3 159 693 A1

24




FIG. 3

26—2

EP 3 159 693 A1

24

26—3

26—4

22

265

T

L

261
[
Y

28
21
25

25

26—6
21

23



EP 3 159 693 A1

po~ _UNINOLLOZLA]
57~ INNNOLL3N39 ALVLS AQOONIATL 1.1 LNNNOIOAI30 | e
¥IMOd N LYNINEL
LINNONISSI00Hd TINSIS |~ r
¢
22~ B ININOSH3M00Y | |
LINN 3N INTWTTI AYIdSIO 82 LINANOILO3130 dv3L
N LNNNOILDALEa |
£9 ~JININFT3ONINTDR 1HON
29 ~J INIFIIONILLING 1HO M
- " INNNOILDALEa |
e6~] LINN ONIQHODTY NOIOFH AV1dSI 17 fe— MR HRESH IS
30IA30 AY1dSI
)
Ll

v 9Old

26



EP 3 159 693 A1

L8~

Amosmfmw
| -G8~
78~
mm\( o ﬂm
i_\}....
)
28
9¢

¢—S8
18

G ol4

27



EP 3 159 693 A1

901
§

(3d00S0¥103dS)
NENEREREIRIN

G0l

AUSY

SN3T

c0l—

d31v3aH

)
€01

304N0S LHOI

\.\ NOILVLIOX3

)
98 101

9 9ld

28



EP 3 159 693 A1

FIG. 7
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FIG. 8
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Document 1 discloses an eye tear fluid component analyzer that can
be detachably attached to the eyeball and by which biological conditions
are evaluated. Thus, claims 1, 2, 18 and 19 cannot be considered to be
novel in the 1light of document 1 and, therefore, have no special technical
feature.

Next, the following special technical feature could be found in claim
3.

Accordingly, claims are classified into three inventions each of which
has a special technical feature indicated below.

Meanwhile, claims 1, 2 and 18-19 having no special technical feature
are classified into Invention 1.

(Invention 1) claims 1-11 and 18-20

The special technical feature of the invention according to claim
3 is analyzing components of eye tear fluid collected from a living body
and detecting emotional conditions caused by the emotion of the living
body on the basis of the results of the analysis on the eye tear fluid
components.

Claims 1, 2and 18-19 having no special technical feature are classified
into Invention 1.

Claim 20 is classified into Invention 1, since it is efficient to
carry out a search on this claim together with claim 1.

(Invention 2) claims 12-16

The special technical feature of the invention according to claim
12 is analyzing components of eye tear fluid collected from a living
body and detecting conditions caused by stimulating the living body on
the basis of the results of the analysis on the eye tear fluid components.

(Invention 3) claim 17

The special technical feature of the invention according to claim
17 is analyzing components of eye tear fluid collected from a living
body and specifying the eye tear fluid secretion level of the living
body on the basis of the results of the analysis of a specific substance
obtained as the results of the analysis on the eye tear fluid components.

Meanwhile, claims 12-17 are not relevant to inventions which involve
all of the matters to define the invention in claim 3 and which have
a same category.

Further, as a result of the search which has been carried out with
respecttoclaimsclassifiedinto Inventionl, claims12-17arenotrelevant
to inventions on which it is substantially possible to carry out a search
without an additional prior-art search and judgment, and there is no
other reason for that it can be considered that it is efficient to carry
out a search on these claims together with claim 3, and consequently,
it is impossible to classify claims 12-17 into Invention 1.

Document 1: JP 2002-528212 A (ABREU, Marcio, Marc, Aurelio, Martins),
03 September 2002 (03.09.2002), claim 1 & US 6120460 A & WO 2000/025662
Al & EP 1126781 Al
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